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APPENDI X A
LANDFI LL OFF- GAB SYSTEMS ENG NEERI NG TECHNI CAL LETTER
DESI GN CONS| DERATI ONS

1.0 | NTRODUCTI ON

Landfill gas (LFG that is generated fromthe deconposition
of municipal solid waste (MSW in a landfill consists of a m x of
approxi mately 50 percent nethane (CH,) and 50 percent carbon
di oxide (C0,). Trace anpunts of oxygen (Q), nonnethane organic
conpounds (NMOC) whose princi pal conponents are hydrogen sul fide
(H,S), and reactive organic gases (ROGs) may al so be present.

There are increasing concerns with the em ssions of LFG and
its contribution to air pollution since volatile em ssions from
landfills represent a major source of organic contam nants
entering the atnosphere. The concerns are based on the
fol | ow ng:

° CH,gas is highly conbustible, making it a potenti al
hazard in the landfill environnent, or in structures on
adj acent properties;

o LFG is capable of mgrating significant distances
t hrough soil, thereby increasing the risk of explosion
and exposure. Serious accidents resulting in injury,
|l oss of life and extensive property damage nmay occur

where landfill conditions favor gas mgration;

° As LFG is produced, the pressure gradient upward may
create cracks and di srupt the geonenbrane in the
landfill cover;

° CH, gas is an asphyxiant to humans and animals in high

concentrations;

° M grating gas may result in other adverse effects such
as stress to vegetation, by |owering the 02 content of
soil gas available in the root zone;

° Gas generated at landfills and vented to the atnosphere

frequently emanat es nui sance odors causi ng annoyance to
i ndi vi dual s residing nearby;
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° Em ssions of NMOC and ROG or o0zone precursors
contained in LFG may be contributing to the
degradation of local air quality. Were landfills
contain sources of sulfur, such as shredded
construction/denolition material and gypsum board,
there is increased potential for liberation of HS
whi ch is noxious at |ow concentrations and can cause
asphyxiation, if gas is mgrating to encl osed areas;

° Vinyl chloride fromlandfills has been found to be
present in substantial concentrations in LFGs and has
been detected in off-site conduits, representing health
and safety concerns. Vinyl chloride is found in
muni ci pal as well as comrercial solid waste landfills;

° CH, gas, one of the "green house gases", contributes to
the possibility of global warm ng of the earth's
climate; and

° Uncontrolled LFGis a |loss of potential resources;
instead it can be a satisfactory fuel for a w de
variety of applications. Many types of energy
equi pnent desi gned for conventional fuels can operate
on LFG with the power output reduced about 5 to 20
percent

Currently, federal and state environnental agencies are
devel opi ng stringent regulations for air em ssions from nmunici pal
and industrial landfills. The United States Environnental
Protection Agency (EPA) has proposed regul ations for control of
air emssions fromMSW I andfills, based on Section 111 the C ean
Air Act (CAA) (. The new regul ati ons require gas nmanagenent
systens as a conponent of the landfill final cover.
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1.1 PURPOSE

The purpose of this Engineering Technical Letter (ETL) is to
provide informati on and procedures necessary for the design of
systens to nonitor, collect, characterize, transport, and treat
of f-gas from nunicipal, industrial and hazardous waste |andfills.
The ETL describes and eval uates various LFG em ssion control
techni ques and presents design procedures relative to specific
functional requirenments. The ETL is intended to aid the designer
and ot hers who possess sone know edge of hydrogeol ogy, civil
engi neering, chem stry, mathematics, materials science, and who
have sone desi gn experience to select the nost effective
solutions to problens of controlling LFG

1.2 SCOPE
The followi ng topics are discussed in this ETL

o Chapter 1, Introduction, presents the origin of LFG
reasons why control is necessary, the purpose of this
ETL, the scope of this ETL, and LFG control issues;

° Chapter 2, Theory of Landfill Gas Em ssions, discusses
t he nechani sns of LFG generation, factors affecting LFG
generation, transport nechanisnms, and factors affecting
LFG novenent/ m gration, LFG characteristics, condensate
characteristics, mathematical gas flow, estimation of
LFG production, and different LFG estimation nodel s;

° Chapter 3, Landfill O f-gas Applicability, discusses
LFG col l ection, LFG disposal and treatnent for energy
recovery, along with advantages and di sadvant ages of
each technol ogy;

° Chapter 4, Design Considerations, discusses design
paraneters of LFG collection systens, LFG treatnent
systens, LFG condensate treatnent nethods, LFG
purification systens, gas neasurenent systens,

i nstrunmentation, nonitoring, control, and utility
requirenents;
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° Chapter 5, Regul atory Requirenents, discusses current
and proposed regul ations applicable to air toxic rules
under the CAA, local air toxic rules, and proposed
gl obal warm ng | egislation;

° Chapter 6, Environnmental I|ssues, discusses adverse
effects of LFG em ssions and benefits of LFG control;

° Chapter 7, Construction Materials and Installation,
di scusses construction materials for gas collection
systens, treatnent equipnent, condensate collection and
treatment systens, construction criteria and quality
assurance (QA) gui dance;

° Chapter 8, Operating Conditions, discusses operation
safety, process interferences, operation concerns,
system start-up, training, maintenance requirenents,
and operation | abor requirenents;

° Chapter 9, Design and Construction Package, discusses
desi gn anal ysis, design docunents, draw ngs and
specifications for bidding and construction, guide
speci fications, and operations and nmai ntenance; and

° Appendi ces present design calculations, a check |ist
for design docunents, bibliography, design exanples and
definitions of terns and acronyns.

1.3 REFERENCES
The information used in the devel opnment of this ETL is
listed in Appendi x D, Bibliography.

1.4 BACKGROUND

Sanitary landfilling is the primary nethod for disposal of
muni ci pal and household solid waste or refuse in the United
States (U.S.). The daily per capita quantity of solid waste
generated for mlitary troop facilities is estimated at 2 to 3
kgs (4 to 6 |Ibs) of conbined refuse and garbage (® . Hazardous
waste amounts vary with the locations and mlitary activities.
Based on the effective popul ati on of 5000, which is the sum of
the resident popul ati on and non-resi dent enpl oyees at a typical
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mlitary base, the anmount of solid waste or refuse landfilled
annual |y by each base is about 5,000 tons. The quantity and
quality of LFG generated in a landfill depends on the types of
solid wastes that are deconposing. LFGis produced at a vol une
of approximately 3 to 6 cubic feet per pound of nunicipal solid
waste (2,

Experience with landfill-generated CH, recovery and
utilization has shown that installation of LFG collection systens
has reduced LFG em ssions and inproved local air quality. LFGis
bei ng i ncreasingly devel oped as an energy resource and is
currently recovered commercially at nore than 70 sites in the
U.S. and a nunber of sites in the United Kingdom and Europe V.

1.5 THEORY

A landfill can be described as an engi neered burial of solid
wastes that are subsequently degraded by chem cal reactions and
bi ol ogi cal activities. The biological degradation or
deconposition of solid wastes generates CH,, and CO, along with
traces of other conpounds. The biol ogical deconposition of solid
waste follows three distinct phases, as illustrated in Figure
A-1.

Phase 1. The mcroorganisns slowy degrade the conpl ex
organic portions of the waste using the O, trapped during the
landfilling process to form sinpler organi c conpounds, CO0, and
water. This phase is termed aerobic deconposition.

Phase 2. After the O is fully consuned, facultative
bacteria grow and deconpose waste into sinpler nolecules such as
hydr ogen, ammoni a, C0,, and organic acids. This second phase is
step one of the anaerobic phase.

Phase 3. In the third deconposition phase (step two of
anaer obi ¢ phase), CH,-form ng bacteria (nmethanotrops) utilize
C0,, hydrogen, and inorganic acids to form CH, gas and ot her
product s.
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Chem cal reactions between wastes placed in landfills may
al so take place producing volatile constituents.

1.6 OBJECTI VES

The overall objective of this ETL is to aid in the design of
LFG control systens; i.e., extraction, disposal, treatnent and
utilization of LFG for energy recovery.

Sub- obj ecti ves i ncl ude:

o Revi ew and anal yze avail abl e know edge of the LFG
generation process; estimte production rate, and
specific characteristics that influence the production
rate;

o Exam ne and anal yze alternative collection, nonitoring,
treatnment, processing, and utilization nethods of LFG
to achi eve economc viability;

° Revi ew and evaluate the landfill off-gas design and
operation techni ques including condensate managenent to
aid in selecting an optimum system design for a
specific site; and

° Provi de desi gn exanpl es for guidance.



